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1. I n t r o d u c t i o n  

Th i s  r e p o r t  covers  t h e  per iod January 1 t o  June 30, 1973, and covers  

p r i m a r i l y  t h e  p l a n e t a r y  r e s e a r c h  ac t iv i t i e s  of only two s t a f f  members - 
David Morrison and Robert E. Murphy - and of two g radua te  s t u d e n t s  - Andrew 

Lazarewicz and Ter ry  Z.  Martin. S t a f f  member W i l l i a m  M. S in ton  w a s  on  

s a b b a t i c a l  l e a v e  a t  t h e  Jet Propuls ion  Laboratory throughout  t h i s  r e p o r t  

pe r iod ,  and s t a f f  member Dale P.  Cruikshank l e f t  on February 21 f o r  a 

six-month exchange v i s i t  t o  t h e  U.S.S.R. 

some p r o j e c t s  t h a t  were r epor t ed  as i n  p rogres s  i n  our l a s t  semi-annual 

r e p o r t ,  i n i t i a t e d  some new ones,  and cont inued working on some long-term 

programs t h a t  w i l l  cont inue  i n t o  t h e  next  r e p o r t  per iod .  From January 1 

February 21, 1973 Cruilcshank was r e spons ib l e  f o r  t he  day-to-day a d m i n i s t r a t i o n  

and d i r e c t i o n  of t h i s  g r a n t ,  and a f t e r  February 2 1  t h e s e  d u t i e s  were assumed by 

Morris  on. 

During t h i s  pe r iod  w e  completed 

2. Photometr ic  C a l i b r a t i o n  a t  11 and 20 Microns 

I n  t h e  p a s t  two szml-annual r e p o r t s  w e  have d i scussed  our  work t o  e s t a b l i s h  

w e l l - c a l i b r a t e d  photometr ic  systems a t  11 and 20 microns t h a t  would permi t  u s  

t o  measure a c c u r a t e  broad-band f l u x e s  i n  these  r eg ions  of t h e  spectrum from 

bo th  p l a n e t a r y  and s t e l l a r  sources .  During t h i s  p a s t  6 months, Morr ison and 

T. Simon completed t h i s  work i n  the 20-micron band and have a paper  i n  p r e s s  

i n  t h e  As t rophys ica l  J o u r n a l  r epor t ing  photometry of 76 stars. Of t h e s e ,  1 7  

non-variable  o b j e c t s  d e f i n e  t h e  20-micron magnitude system. 

stars,  a l l  M i r a s , t o  be v a r i a b l e  a t  t h i s  wavelength; obse rva t ions  of many of 

t h e s e  are be ing  cont inued i n  order  t o  o b t a i n  a c c u r a t e  l i g h t  curves  a t  t h i s  

wavelength,  where much of t h e  r a d i a t i o n  ar ises  i n  a r e l a t i v e l y  coo l  c i r c u m s t e l l a r  

They found 16  
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s h e l l .  

3. The Ga l i l ean  S a t e l l i t e s  

During t h i s  r e p o r t  per iod  the e x t e n s i v e  e c l i p s e  radiometry of t h e  

Galilean s a t e l l i t e s  by Morrison and Cruikshank w a s  publ i shed ,  and Cruikshank 

and Murphy completed a r e p o r t  on t h e i r  p h o t o e l e c t r i c  photometry of t h e  e c l i p s e s .  

A s  discussed  i n  our  prev ious  r epor t ,  Cruikshank and Murphy have taken advantage 

of t h e  e x c e l l e n t  observing condi t iocs  a t  Mauna Kea and of t h e  newly cons t ruc t ed  

double-beam photometer on t h e  61-cm t e l e s c o p e  t o  show c l e a r l y  t h a t  the post-  

ecl ipse b r igh ten ing  on Io ,  i n  d i spu te  f o r  y e a r s ,  i s  real  b u t  i n t e r m i t t e n t .  

The b e s t  exp lana t ion  s t i l l  seems t o  be  t h a t  t h i s  b r igh ten ing  i s  due t o  p a r t i a l  

condensat ion of a tenuous atmosphere dur ing  e c l i p s e ,  followed by i t s  sub l ima t ion  

a f t e r  reappearance.  

I n  a paper w r i t t e n  whi le  he  was a t  Je t  Propuls ion  Laboratory (and now 

i n  p r e s s  i n  I c a r u s ) ,  S in ton  has  suggested ar, exp lana t ion  of t h i s  p o s t - e c l i p s e  

b r igh ten ing ,  and of o the r  anomalous behavior  of I o ,  i n  terms of an atmosphere 

on t h e  sa te l l i t e  t h a t  varies i n  p re s su re  wi th  season,  be ing  l a r g e l y  f r o z e n  

o u t  a t  t h e  po le s  of I o  except  near t h e  equinoxes.  H e  f u r t h e r  sugges t s  t h a t  t h e  

h igh  f l u x  of pro tons  from t h e  Jovian r a d i a t i o n  b e l t  h e a t s  t h i s  atmosphere 

s u b s t a n t i a l l y .  S in ton  and Murphy w i l l  s e a r c h  f o r  d i r e c t  evidence of t h i s -  

atmosphere t h i s  summer by observing IC i n  narrow bands i n  t h e  10-micron 

r e g i o n  t h a t  i s o l a t e  t h e  emission l i n e s  expected from S i n t o n ' s  a n a l y s i s .  

Morrison is  cont inuing  h i s  work on t h e  r o t a t i o n a l  v a r i a t i o n s  of b r i g h t n e s s  

of t h e  Ga l i l ean  s a t e l l i t e s  i n  t h e  v i s i b l e  and i n  t h e  i n f r a r e d .  I n  co l labo-  

r a t i o n  wi th  g radua te  s t u d e n t s  Lazarewicz and N.  D. Morrison, he  has  ob ta ined  

- uvby photometry t h a t  g ives  good coverage of I o ,  Europa, and Ganymede f o r  one 

o r  more complete r e v o l u t i o n s .  These d a t a  w i l l  b e  analyzed t o g e t h e r  w i th  t h e  
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10- and 20-micron radiometry obtained i n  1971, 1972, and 1973. 

Murphy has  begun a new program t o  s tudy  t h e  G a l i l e a n  sa te l l i t es  

through photometry of t h e  mutual e c l i p s e s  and o c c u l t a t i o n s  of t h e s e  o b j e c t s  

t h a t  t ake  p l a c e  p r i m a r i l y  dur ing  t h e  second h a l f  of 1973. Observat ions of 

t h e  f i r s t  two even t s  v i s ib l e  from Mauna Kea, o c c u l t a t i o n s  of Europa by I o  

on 1 7  June and 24 June 1973, showed t h a t  t h e  l o s s  of l i g h t  was r e s p e c t i v e l y  

80% and 55% g r e a t e r  than  p red ic t ed ,  wh i l e  t h e  d u r a t i o n s  and a b s o l u t e  times 

of t h e  even t s  were e x a c t l y  i n  accord wi th  p r e d i c t i o n s .  These d a t a  p r e s e n t  

s t r o n g  evidence f o r  a p o l a r  cap on Europa, as d i scussed  i n  a . n o t e  submit ted 

t o  Nature .  

4 .  J u p i t e r  

Murphy and graduate  s t u d e n t  R. Fesen have cont inued t h e i r  a n a l y s i s  of 

t h e  20-micron scans  of J u p i t e r .  The e q u a t o r i a l  h o t  zone noted b e f o r e  has  

a n  excess  temperature  of 3'K, r a t h e r  t han  t h e  6'K f i g u r e  mentioned i n  t h e  

prev ious  r e p o r t .  The excess  f l u x  may o r i g i n a t e  e n t i r e l y  w i t h i n  t h e  NEB and 

SEB r a t h e r  than i n  t h e  e n t i r e  e q u a t o r i a l  r eg ion ;  our  s p a t i a l  r e s o l u t i o n  i s  

inadequate  t o  determine such f i n e  s t r u c t u r e .  

t o  be warmer than  t h e  a d j a c e n t  reg ions .  All t h r e e  h o t  zones co inc ide  wi th  g rey  

c louds  which have been noted by Westphal t o  b e  t h e  type  l o c a l i t y  f o r  5-micron 

h o t  s p o t s .  Keay and Low have found t h e s e  same r e g i o n s  t o  be  h o t  a t  

5 microns i n  a series of more o r  less contemporary measurements. It i s  l i k e l y  

t h a t  t h e  +micron ho t  s p o t s ,  which o r i g i n a t e  deep i n  t h e  atmosphere,  t h e  20- 

micron h o t  zones, which o r i g i n a t e  h i g h  i n  t h e  atmosphere,  and t h e  grey  c louds  

(o r  non-clouds),  a r e  i n t e r r e l a t e d .  

I n  a d d i t i o n  the  STeB w a s  found 

Murphy and Fesen f i n d  a 17- t o  28-micron 
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b r i g h t n e s s  temperature  a t  t h e  cen te r  of J u p i t e r ' s  d i s k  of 136 f 3.5'K. This  

corresponds t o  a n  e f f e c t i v e  temperature T e  = 142 k 3.5'K a t  t h e  c e n t e r  of 

t h e  d i sk .  

they f i n d  T e  = 136 * 3.5'K f o r  the e n t i r e  d i s k .  

Allowing f o r  limb darkening and t h e  s p a t i a l  v a r i a t i o n s  noted above, 

They a l s o  n o t e  t h a t  t h e r e  

i s  no d e t e c t a b l e  d i f f e r e n c e  between t h e  temperature  of t h e  Red Spot and t h e  

neighboring reg ions  t o  w i t h i n  1 'K.  These r e s u l t s  have r e c e n t l y  been submit ted 

t o  I c a r u s  f o r  pub l i ca t ion .  

5. Sa turn  and I ts  Rings 

Murphy, i n  c o l l a b o r a t i o n  wi th  J .  C.  Kemp, has  measured t h e  l i n e a r  p o l a r i -  
0 

z a t i o n  of S a t u r n ' s  r i n g s  a t  var ious  wavelengths from 3700 A 

as w e l l  as s e l e c t e d  reg ions  of A and E r i n g s  a t  7000 A. The d i r e c t i o n  w a s  

uniformly "negative";  t h e  e l e c t r i c  v e c t o r  w a s  p a r a l l e l  t o  t h e  Solar-sYstem 

p l a n e  t o  w i t h i n  27" a t  a l l  wavelengths and p o s i t i o n s  s t u d i e d ,  except  f o r  a n  

t o  1.7 microns,  
0 

u n c e r t a i n t y  of 520" a t  two i n f r a r e d  p o i n t s .  

of 0.25% near  7000 A ,  a rise of 0.60% a t  3700 A i n  t h e  near  u .v . ,  and a r ise 

The p o l a r i z a t i o n  showed a minimum 
0 0 

t o  over 0.60% i n  t h e  i n f r a r e d  ( 1 . 7  microns) .  The measbred p o l a r i z a t i o n  of t h e  

p o r t i o n  of t h e  B r i n g  which o c c u l t s  t h e  North Pole  w a s  found t o  be  reduced due 

t o  t h e  admixture of pos i t i ve ly -po la r i zed  d i s c  l i g h t  which h a s  been t r ansmi t t ed  

through t h e  r i n g .  Observat ion of t h e  l a t t e r  e f f e c t  a t  7000 A under optimum 
0 

see ing  cond i t ions  y i e l d s  t h e  f i r s t  a c t u a l  measurement of t h e  o p t i c a l  t r ans -  

m i t t a n c e  of the  B r i n g s ,  namely (21 ? 6) pe rcen t ,  corresponding t o  T = 0.7. 

This  i s  c o n s i s t e n t  w i th  Murphy's 20-micron s t u d i e s  of t h e  r i n g s  (d iscussed  i n  

ou r  prev ious  r e p o r t  and r e c e n t l y  published i n  The Ast rophys ica l  J o u r n a l  L e t t e r s )  

which implied IC = 0.7, i f  Cook, Frankl in ,  and P a l u c o n i f s  a lbedos  f o r  t h e  r i n g  

p a r t i c l e s  are c o r r e c t .  The p o l a r i z a t i o n  work i s  now i n  p r e s s  i n  The Astrophys ica l  

Jou rna l .  
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Morrison h a s  made f u r t h e r  observa t ions  of t h e  r i n g s  and d i s k  of 

Sa turn  a t  10  and 20 microns,  p r imar i ly  i n  o rde r  t o  determine t h e  d i s t r i b u t i o n  

of temperature  around t h e  r i n g s .  

temperature  of t he  r i n g s  observed 5 5 1 arcsec a f t e r  emergence from the  

shadow of t h e  p l a n e t  i s  1 .5"K,  with a n  upper l i m i t  of 3°K. When analyzed i n  

terms of t h e  models r e c e n t l y  computed by Aumann and K i e f f e r ,  t h e s e  r e s u l t s  

sugges t  p a r t i c l e  s i z e  of about 2 cm o r  l a r g e r ,  

a t u r e s  of t h e  r i n g s  and d i s k  a r e  not y e t  f u l l y  reduced and w i l l  be  d i scussed  

i n  t h e  next  semi-annual r e p o r t .  

H e  f i n d s  t h a t  t h e  drop i n  t h e  b r i g h t n e s s  

Add i t iona l  d a t a  on t h e  temper- 

6. S a t e l l i t e s  of Sa turn  

Morrison, Cruikshank, and Lazarewicz, i n  c o l l a b o r a t i o n  wi th  M. Nolan, 

J.  Veverka, J. E l l i o t ,  and J .  Burns of Corne l l  Un ive r s i ty ,  completed ex tens ive  

6-color photometry of I ape tus ,  T i tan ,  Rhea, Dione, and Tethys.  These d a t a  

have been reduced, and they permit u s  t o  determine magnitudes,  c o l o r s ,  phase 

c o e f f i c i e n t s ,  and r o t a t i o n a l  l i g h t  curves  f o r  t h e s e  o b j e c t s .  We are  now 

working on the  i n t e r p r e t a t i o n  of the r e s u l t s ,  which w i l l  b e  d i scussed  i n  t h e  

next  r .eport .  Morrison has  a l s o  made f u r t h e r  20-micron obse rva t ions  of I ape tus ,  

Rhea, and Dione, and he has  i n  p repa ra t ion  a paper d i s c u s s i n g  t h e  a lbedos  and 

r a d i i  of t h e  i n n e r  s a t e l l i t e s  of Saturn.  

7. Uranus, Neptune, P lu to ,  and Tr i ton  

Murphy.and L. T ra f ton  of The Unive r s i ty  of Texas are p repa r ing  a paper  

t h a t  compares Morrison and Cruikshank's i n f r a r e d  measurements of Uranus and 

Neptune t o  model c a l c u l a t i o n s .  They show t h a t ,  when r e v i s i o n s  i n  t h e  t e l l u r  

water vapor  abundance are taken i n t o  account ,  t h e  Uranus obse rva t ions  are 

matched by a model w i th  Te  = 60"Kwith H e / H 2  = 1. The Neptune d a t a  are 
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i n c 0 n s i s t e n t : w i t h  any reasonable  model c o o l e r  t han  55°K.. Thus Uranus 

appears  t o  be i n  equ i l ib r ium wi th  t h e  i n s o l a t i o n ,  w h i l e  Neptune must,  

l i k e  J u p i t e r  and Sa turn ,  posses s  an a p p r e c i a b l e  sou rce  of i n t e r n a l  energy. 

Mar t in  has  obta ined  fou r  photographic s p e c t r a  of T r i t o n  and t h r e e  of 
0 0 

P l u t o  a t  a d i s p e r s i o n  of 50 A / m  near  t h e  methane band a t  6190 A. H e  used 

an  RCA image i n t e n s i f i e r  wi th  the  Cassegra in  spec t rograph  a t  Mauna Kea 

Observatory.  No evidence w a s  found f o r  a b s o r p t i o n  due t o  methane on e i t h e r  

body. Although t h e  d a t a  are s t i l l  be ing  reduced, they  are expected t o  y i e l d  

a much b e t t e r  upper l i m i t  on t h e  methane abundance above t h e  s u r f a c e s  of 

P l u t o  and Tr i ton .  

8. As tero ids  

Morrison has  cont inued t h e  10- and 20-micron radiometry of a s t e r o i d s  

begun by him and Cruikshank l a s t  year .  During t h i s  r e p o r t  pe r iod ,  two papers  

by Morrison d i scuss ing  t h e  method of d e r i v i n g  a lbedos  and r a d i i  of s a t e l l i t e s  

and a s t e r o i d s  were publ i shed ,  and a paper  by Clruikshank and Morrison p resen t ing  

r e s u l t s  f o r  9 a s t e r o i d s  has  been submit ted t o  I c a r u s .  About 20 new a s t e r o i d s  

have been observed t h i s  yea r ,  and w i t h i n  t h e  next  few months Morrison expec ts  

t o  b e  a b l e ,  by combining h i s  d a t a  w i t h  t h a t  a l r e a d y  i n  t h e  l i t e r a t u r e ,  t o  

p r e s e n t  an  a n a l y s i s  of as many as 50 a s t e r o i d s .  

w i t h  spectrophotometry by C .  Chapman and po la r ime t ry  by B. Z e l l n e r  of many of 

This  work i s  be ing  coord ina ted  

t h e s e  same o b j e c t s .  

Chapman and Morrison has  been submitted t o  Sky and Tel-escope. 

A semi-popular a r t i c l e  on modern s t u d i e s  of a s t e r o i d s  by 

9.  The New 35-Micron S p e c t r a l  Region 

Murphy, working wi th  I. G .  Nolt and J .  V .  R a d o s t i t z  of t h e  Un ive r s i ty  of 

Oregon, has  measured t h e  b r igh tness  tempera ture  of S a t u r n  a t  a mean wavelength 

of 35 microns us ing  a system developed by t h e  Oregon group. They f i n d  t h e  
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r e s u l t s  are i n  agreement w i t h  T r a f t o n ' s  model atmospheres. The 28- t o  43-  

micron b r i g h t n e s s  temperature is  104'K, corresponding t o  an e f f e c t i v e  

temperature  of 110°K. This  e f f e c t i v e  tempera ture  i s  h igher  t han  is  gene ra l ly  

assumed, b u t  i t  i s  i n  agreement with t h e  17-  t o  28-micron measurement r e c e n t l y  

publ i shed  by Murphy, which implies  T e  = 108°K; t h e s e  r e s u l t s  have been 

submit ted t o  - The Ast rophys ica l  Journa l .  

The 35-micron window i s  more wea the r - sens i t i ve  than  i s  t h e  20-micron 

window, and f u r t h e r  observa t ions  were h indered  i n  l a t e  sp r ing  by a n  unusual ly  

w e t  s p e l l  (%2 mm H 0 ) .  Nolt ,  Rados t i t z ,  and Murphy were, however, a b l e  t o  

e s t a b l i s h  s i g n a l  l e v e l s  f o r  s eve ra l  a d d i t i o n a l  o b j e c t s  even though the  window 

t r ansmiss ion  dropped t o  less than 2%. 

2 

I n  a d d i t i o n  they  obta ined  i n t e r f e r o -  

metric s p e c t r a  of t h e  sky emission. Concurrent o r  n e a r l y  concurren t  sky 

s p e c t r a  are necessary  i n  o rde r  t o  e v a l u a t e  p rope r ly  t h e  syste.m bandpass,  

which depends h e a v i l y  on t h e  t e l l u r i c  spectrum. 

t o  t h e  s y n t h e t i c  s p e c t r a  of V. Kunde and found t o  be  i n  good agreement.  

Murphy and Sin ton ,  t oge the r  wi th  Nol t  and Rados t i t z ,  a n t i c i p a t e  cont inuing  

The s p e c t r a  have been compared 

obse rva t ions  i n  t h i s  window, which r e p r e s e n t s  t h e  longes t  i n f r a r e d  wavelengths 

observable  from ground-based s i t e s  u n t i l  one reaches  the  submi l l imeter  r e g i o n  

a t  350 microns. 

10. Fourier-Transform In ter fe rometry  

The I n s t i t u t e ' s  Block-Digilab FTS system has  been used f o r  t h e  f i r s t  t i m e  

du r ing  t h i s  r e p o r t  pe r iod  on t h e  2.24-meter t e l e scope .  

Mar t in  and N .  D. Morrison have assumed primary r e s p o n s i b i l i t y  f o r  t h e  system 

from t h e  t i m e  of Cruikshank's  depa r tu re  t o  t h e . e n d  of this r e p o r t  pe r iod .  

Mauna Kea, s p e c t r a  of the Moon and a few b r i g h t  stars were obta ined  w i t h  

Graduate s t u d e n t s  

A t  
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-1 r e s o l u t i o n s  as h igh  as 2 cm . 
va luab le  spectroscopy can be  performed i n  t h e  1.9-micron H 0 band, which 

is  s a t u r a t e d  a t  most o t h e r  sites. 

r e s o l u t i o n  i n  t h e  1- to 3-micron 

beam s p l i t t e r  and t o  malfunct ions i n  t h e  d a t a  system. 

These s p e c t r a  demonstrate  t h a t  a t  Mauna K e a  

2 

An a t tempt  t o  observe Sa tu rn  a t  8 c m  -1 

band was no t  success fu l ,  due t o  a d e f e c t i v e  

Although w e  have obta ined  s p e c t r a  of b r i g h t  sources  wi th  t h i s  system 

on t h e  t e l e scope ,  t h e  spectrometer  i s  not y e t  r o u t i n e l y  capable  of ob ta in ing  

s p e c t r a  of the  f a i n t e r  o b j e c t s  i n  which w e  a r e  p r i m a r i l y  i n t e r e s t e d .  It has  

become obvious t h a t  t he  computer hardware t h a t  c o n t r o l s  t h e  func t ion ing  of 

t h e  in t e r f e romete r  and processes  the d a t a  i s  too  u n r e l i a b l e  t o  be  used f o r  

observ ing  on Mauna Kea, 

l a b o r a t o r y ,  i t  has  f a i l e d  dur ing  each observing run b u t  one on Mauna Kea, and 

each f a i l u r e  has  r equ i r ed  a v i s i t  by a repairman be fo re  the  spec t rometer  could 

be  used aga in .  Each f a i l u r e  has  been d i f f e r e n t ,  b u t  w e  surn?ise t h a t  t h e  

tendency t o  f a i l  i s  caused by t h e  h igh  a l t i t u d e .  One e f f e c t  of low a i r  p r e s s u r e  

could be  t h a t  some tempera ture-sens i t ive  components a re  i n e f f i c i e n t l y  cooled,  

Even though t h e  equipment worked p rope r ly  i n  t h e  

and we are expei-imeiit~iig -w-it;-l fails L.. L U  d l U  - 5  J L U l J l L l l g .  - - - 1  2-- Another poss ib i : i ty  i s  

t h a t  t h e  d i s k ,  which is  impl ica ted  i n  t h e  two most r ecen t  f a i l u r e s ,  may need 

t o  b e  s e a l e d  i n  a p r e s s u r i z e d  chamber. 

A long-standing problem is the  f a i l u r e  of t h e  sky-compensation system t o  

f u n c t i o n .  According t o  t h e  manufacturer ,  t h e  d i f f i c u l t y  i s  t h a t  t h e  coa t ing  

of t h e  o r i g i n a l l y  suppl ied  beam s p l i t t e r  i s  n o t  t h e  pure d i e l e c t r i c ,  i r o n  

oxide ,  b u t  conta ins  a s i g n i f i c a n t  amount of m e t a l l i c  i r o n .  Block i s  now 

reworking t h e  coa t ing .  

t h e  I d s  d e t e c t o r .  Block has  informed us t h a t  t h e  performance of t h i s  d e t e c t o r ,  

which ope ra t e s  from 1 . 2  t o  3 microns, can b e  improved upon, and w e  are t ak ing  

We have a l s o  had d i f f i c u l t y  w i t h  t h e  s e n s i t i v i t y  of 
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s t e p s  t o  have t h i s  d e t e c t o r  replaced.  

improved method f o r  e s t a b l i s h i n g  the  c r u c i a l  alignment r equ i r ed  i f  t h e  

in t e r f e romete r  i s  t o  o p e r a t e  success fu l ly .  

I n  a d d i t i o n ,  w e  have e s t a b l i s h e d  a n  

We estimate t h a t  an  i n c r e a s e  of roughly a f a c t o r  of 10 i n  s e n s i t i v i t y  

w i l l  a l low the  instrument  t o  y i e l d  u s e f u l  d a t a  and t o  compete w i t h  such o t h e r  

Four i e r  spec t rometers  as t h e  half-wavenumber Block i n t e r f e r o m e t e r  a t  Arizona. 

Among t h e  approaches o u t l i n e d  i n  the  preceding paragraphs,  we t h i n k  t h a t  w e  

can achieve  such an  inc rease .  The FTS system i s  scheduled f o r  use  a t  Mauna 

Kea again i n  August. 

11. Other Topics 

Morrison and Cruikshank a re  conrsinuing work on t h e i r  major review paper 

on t h e  phys ica l  p r o p e r t i e s  of t h e  n a t u r a l  sa te l l i t es ,  t o  b e  submit ted t o  

Space Science Reviews i n  October.  Morrison a l s o  presented  an i n v i t e d  review 

paper  on a s t e r o i a a n d  sa te l l i t es  a t  t h e  March annual  meeting of t h e  AAS 

Div i s ion  f o r  P lane ta ry  Sciences.  

Morrison, Murphy, and Sin ton  a l l  a t t ended  the  AAS/DPS meeting i n  Tucson 

and presented  a t o t a l  of 6 con t r ibu ted  papers .  

A paper on t h e  q u a l i t i e s  of Mauna Kea a s  an  observa tory  s i t e ,  by 

Morrison, Murphy, Cruikshank, Sinton,  and Mar t in , i s  t o  be  publ i shed  i n  t h e  

June 1973 i s s u e  of P.A.S.P. We a r e  cont inuing  t o  keep d e t a i l e d  r eco rds  a t  t h e  

s i te ,  and t h e s e  w i l l  b e  supplemented t h i s  summer  by s i t e  s t u d i e s  be ing  made a t  

Mauna Kea by French and B r i t i s h  astronomers.  
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